HBP. This was attributed to weaker cyclogenesis resulting from the lack of latent heating. They also compared the results of the month-long simulation with boundary layer observations at nine automatic weather stations (AWS) [Stearns et al., 1993] . Simulated temperature and velocity agree quite well with that of the AWS observations. For the present study, we use the high-resolution mesoscale model of HBP. The model, modified to include moist atmospheric processes including latent heating, cloud-radiation effects and precipitation, can be run independently with initial and boundary conditions obtained from analyses by ECMWF or be nested one way within the NCAR CCM2. In HBP the focus was an assessment of cloud-free simulations. The present study evaluates the simulated climate both when MM4 is nested inside CCM2 and when the moist physics parameterization is included.
Model Description
Anthes et al. [1987] describe in detail the high-resolution MM4, a three-dimensional, hydrostatic, primitive-equation model. Here, we provide a brief summary of the version of MM4 which has been modified for ice-sheet meteorology by HBP. The prognostic variables include surface pressure, temperature, and horizontal velocity. Key pararneterizations for the simulation of katabatic winds include those of the PBL and longwave radiation. The cloud physics parameterization is the explicit moisture scheme [Hsie and Anthes, 1984] modified for treatment of ice/snow at temperatures below 273.15 K [Dudhia, 1989] . A similar moist physics scheme is employed by Gallde [ 1995] in his simulation of mesocyclones over the Ross Sea. The explicit moisture scheme includes prognostic equations for the local mass fraction of water vapor, cloud, and precipitation. Rain and snow fall out of the atmosphere at a calculated terminal velocity. The merits of the explicit moisture scheme for high southern latitudes are examined by Hines et al. [1997] . In this paper, we will limit our analysis to the scheme's effect on the numerical simulations.
The PBL representation is based upon the high vertical resolution approach of Zhang and Anthes [1982] Over Antarctica the simulation of relatively low heights at 500 hPa by CCM2 (Figure 3b ) would seem to be consistent with the cold central core in the 500 hPa temperature field (Figure 4b ). The mesoscale model, on the other hand, simulates temperatures over Antarctica comparable with those of the ECMWF analyses (Figures 4a and 4c) . Over the Southern Ocean near Antarctica the simulation of lower than observed middle-tropospheric temperatures by HBP was attributed to the absence of latent heating in the cloud-free model. Similarly, at 500 hPa the same model produces slightly colder offshore temperatures than CCM2 does. Figure 5 shows the surface temperature field for the two models. The results provide more evidence that nesting a mesoscale model within a GCM can produce significant differences in the simulated fields. In the CCM2 simulation, temperature is extremely cold over the high plateau of East Antarctica with a minimum of 188 K. In the mesoscale simulation, minimum surface temperature is about 10 K warmer, and the intensity of the strong surface inversion (not shown) is slightly weaker, than that of the GCM simulation. It will be seen later that these differences may be important for the development of blocking over Antarctica and the location of climatological troughs.
In While the circumpolar trough is strengthened at the surface, the intensity of the circumpolar vortex in the middle troposphere is noticeably weakened in the moist physics simulation (Figure 17 ) with boundary conditions adapted from CCM2 run 422. Geopotential heights over Antarctica are increased over that of the corresponding dry run by typically 100 to 160 gpm. Nevertheless, the geopotential height over Antarctica is still considerably less than that of the ECMWF analyses but is up to 200 gpm higher than that of the CCM2 run. The weaker vortex in Figure 17a (not shown) in the middle troposphere. The warming, apparently due to excessive back radiation from clouds, is quite large at the surface. Surface temperature (not shown) over the high East Antarctic Plateau is as much as 29 K warmer than that of CCM2 run 422. In summary, the impact of the moist physics in the one-way nested simulation is similar, for the most part, to that seen in the simulation driven by ECMWF boundary conditions. The moist physics has also had a significant influence on the location of the major longwave troughs at high southern latitudes. The third simulation includes moist physics in a simulation driven by boundary conditions adapted from CCM2 output. The effect of latent heating on the simulations is similar to that observed in the moist physics simulation with ECMWF boundary conditions. The intensity of the circumpolar trough is increased in both moist physics simulations, probably because of the latent heat released by migrating cyclones. Over the interior of Antarctica the moist physics produces substantially increased temperature at the surface and higher up in the troposphere. Overall, we find that nesting a mesoscale model (MM4) within a GCM (CCM2) can improve the simulation of a regional climate as well as providing a higher-resolution depiction of a regional climate. The dry version of the mesoscale model provides a good basic depiction of the climate over Antarctica during winter. Attempts to improve upon the simulation of high southern latitude climate are limited by the inadequacy of the treatment of moist physics processes.
